Introduction
HIV-infected cells respond to the infection with different outcomes depending on their cell type; this is due to the interplay of cellular and viral proteins. 1 Of particular interest are the interactions of the HIV Tat protein, which is the viral transcriptional activator that interacts with many cellular factors. 2, 3 Tat is essential for efficient transcription of HIV type 1 (HIV-1) genes, which is accomplished by binding to the transactivation-responsive region (TAR), recruitment of P-TEFb to TAR, and interaction with enzymes such as histone acetyl transferases (HATs). [4] [5] [6] Tat can also modulate cellular gene expression and affect cytokine production, induction of apoptosis, and immunosuppression in infected and noninfected cells. 3, 7 We have shown that Tat mediates HIV-induced apoptosis in CD41 T cells by activating the Phosphatase and Tensin homolog-Forkhead box O3 (PTEN-FOXO3a) pathway via association with PTEN and protein phosphatase 2A (PP2A) promoters. 8 We also found that HIV-1 infection and Tat expression in primary antigen-presenting cells (APCs) can induce expression of a subset of interferon (IFN)-stimulated genes (ISGs) that encode transcription factors as the IFN regulatory factors 7 (IRF7), signal transducer and activator of transcription 1 (STAT1), and chemokines that recruit activated T cells and monocyte-derived macrophages (MDM). (N.K., S.K., M.D.P.M.-V., M.M., and A.A., Journal of Virology, December 6, 2012) . 9 This reprogramming facilitates expansion of the infection. A species-specific increase of some ISGs was observed in human and Rhesus macaque immature dendritic cells (iDC) and MDM but not in the same cells from chimpanzee, sooty mangabeys, and African green monkeys, in which simian immunodeficiency virus infection is asymptomatic or less severe. 10 Our results established a correlation between the Tat-mediated differential induction of ISGs and species-specific differences in disease susceptibility.
The mechanism of transcriptional regulation of ISGs involves different cellular pathways including Janus kinase-STAT (JAK-STAT) and the mitogen-activated protein (MAP) kinase signaling cascades. Although virus infections result in expression of type I IFNs, which induces expression of ISGs, some ISGs are also directly induced independently of IFN signaling, via Toll-like receptor (TLR) activation. [11] [12] [13] To investigate how Tat stimulates the transcription of ISGs, we evaluated the genome-wide promoter association of Tat in iDC and MDM. We report that in these APCs, Tat modulates expression of ISGs in the absence of type I IFNs by triggering activation of the p38 MAPK-STAT1 pathway via association with the promoters of 2 MAPKKs, MAP2K6 and MAP2K3, and of IRF7.
Materials and methods

Cell lines, primary cells
The human myelomonocytic cell line KG-1, 14 the monocytic cell line THP-1, 15 and CD141 monocytes derived from human peripheral blood mononuclear cell were differentiated into iDC (supplemental Table 1 The online version of this article contains a data supplement.
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MDM as described in supplemental Methods. Dr George Stark (Cleveland Clinic) provided the 2fTGH, U5A, U5A-R, and U6A cell lines. 16 Infections were carried out with either the dual tropic HIV SF2 or the CCR5 tropic HIV Bal as described in supplemental Methods.
Adenoviruses, plasmids, transfections, and luciferase assay
Flagged, recombinant adenoviruses Ad-tTA, Ad-Tat SF2 , and Ad-Tat SF2 G48-R57A were constructed according to published procedures. 17 The tat coding DNA was cloned into the vector pAd-TRE-MCS1 under a tetracyclineinducible promoter. The corresponding adenovirus requires coinfection with Ad-tTA, expressing the tetracycline-responsive transactivator. For luciferase assays, cells were transfected with MAP2K6-(2991 to 21 nucleotides from MAP2K6 start site), MAP2K3-(21013 to 21), and IRF7-(21018 to 21) luciferase vectors and then infected with Ad-tTA or Ad-Tat SF2 /Ad-tTA. Cell lysates were assayed for firefly and Renilla luciferase activities (Promega, Madison, WI).
RNA isolation and quantitative reverse transcription-polymerase chain reaction RNA (100 ng) was reverse transcribed and amplified using iScript and SYBR Green SuperMix with the ROX cDNA kit (Bio-Rad). Supplemental Table 2 lists the primers used in the amplification.
Genome-wide promoter association analysis
Chromatin immunoprecipitation (ChIP) and promoter association analysis (ChIP-on-Chip) was performed as described. 18 Kim et al 8 and the supplemental Methods describe how the analysis was carried out and how significant values were selected (GEO accession number: GSE42191).
RNAi and chemical inhibition experiments
Primary cells and cell lines were transfected with 100 nM siRNAs (Dharmacon) and then infected with adenoviruses at a multiplicity of infection of 10 7 . For chemical inhibition studies, cells were treated with 10 mM SB203580 (EMD Millipore), 50 mM PD98059 (EMD Millipore), or 0.5 mM AS601245 (Enzo Life Sciences) and infected with adenoviruses (see also supplemental Methods).
Immunofluorescence staining and flow cytometry
Cells were stained with the antibodies described previously, 7 except for the human anti-IRF7, anti-IP10, anti-HuMIG, anti-STAT1, anti-phospho-STAT1 (pY701), and anti-phospho-STAT1 (pS727) antibodies (BD Biosciences) and the anti-MAP2K3, anti-MAP2K6, anti-phospho-p38 (pThr180/Thr182), and anti-phospho-p44/42 MAPK (ERK1/2) (pThr202/pThr204) antibodies (Cell Signaling or Millipore). MCP2, MAP2K3, and MAP2K6 antibodies were labeled using the Tandem conjugation kit (Innova Biosciences).
Results
Tat association with the IRF7, MAP2K6, and MAP2K3 promoters in KG1-derived iDC, THP1-derived macrophages, and primary iDC and macrophages Our previous findings indicate that HIV Tat modulates the expression of the ISGs in iDC and that this modulation of gene expression could be different in different species. 9, 10 To establish a reproducible system relevant to primary cells and amenable to study the mechanisms by which Tat affects gene expression in APCs, we evaluated whether HIV-1 Tat modifies gene expression of KG-1-derived iDC (KG-iDC) and THP-1-derived macrophages (THP-Mac) in a way that is similar to that observed with Tat or HIV BAL in primary human iDC and MDM.
9,19,20 KG-iDC were infected with adenoviral vectors expressing a 101 aa FLAG-tagged Tat protein from HIV SF2 (AdTat SF2 ) or Tat SF2 G48-R57A (Ad-Tat SF2 G48-R57A), a mutant in which the nuclear localization signal residues were substituted by alanines, 21 in combination with Ad-tTA or with Ad-tTA alone as controls. Tat expression was comparable in all cultures examined ( Figure 1A) , and Tat-intracellular staining ranged from 30% to 40% (data not shown). Expression levels of selected ISGs were evaluated in Tat-expressing KG-iDC by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and were found to be similarly modulated as in primary iDC infected with Ad-Tat or HIV BAL ( Figure 1B) . 9 These data support the use of KG-iDC as an in vitro model for the study of molecular mechanisms critical to Tat-mediated gene modulation in iDC.
To gain insight into the effect of Tat on cellular gene expression during HIV-1 infection, we used ChIP of Tat coupled with promoter DNA microarray analysis (ChIP-Chip) to identify what promoters are associated with Tat. KG-iDC were infected with Ad-Tat SF2 1Ad-tTA or with the negative controls Ad-Tat SF2 G48-R57A1Ad-tTA and Ad-tTA. Two independent experiments were performed. In cells expressing Tat SF2 , we identified 342 promoters that were occupied by Tat (P , .001) but not enriched in controls.
Using the ingenuity pathway analysis (IPA) application, we identified the cellular pathways affected by the genes driven by Tat-associated promoters. These genes are part of a few significant pathways, including IL-1 and p38 MAPK signaling, dendritic cell maturation, and TLR signaling (Table 1) . Among these genes were MAP2K4 and MAP2K6, which encode dual-specificity protein kinases that, together with MAP2K3, function as mitogenactivated protein (MAP) kinase kinases (MAPKKs) and phosphorylate c-Jun NH2-terminal kinase (JNK) and p38 MAP kinase (MAPK), which play an important role in ISG transcription regulation via the activation of STATs or downstream effectors that cooperate with STATs to induce optimal transcription of ISG. 11, [22] [23] [24] [25] [26] [27] Associations with additional pathways are listed in supplemental Table 3 .
Tat association with the MAP2K6 promoter was further validated by conventional ChIP, using site-specific primers on the same chromatin samples used for ChIP-Chip. MAP2K6 promoter sequences were consistently enriched in IP-captured chromatin from cells expressing Tat SF2 compared with controls ( Figure 1C-D) . We did not observe any Tat association with MA2PK3 and IRF7 promoters in KG-iDC. These associations were significant in primary MDM and IRF7 association in iDC (see below). Despite evidence of Tat association with the MAP2K4 promoter in ChIP-Chip analysis, this association was not consistently reproduced in conventional ChIP experiments, possibly due to variation in infection rate from one experiment to another, with detection being significant in 3 of 7 independent experiments carried out in KG-iDC and in primary iDC. As Tat association with the MAP2K4 promoter did not affect MAP2K4 expression and siRNA inhibition did not significantly affect ISG modulation (data not shown), further investigation of this gene was abandoned. To determine whether the association of Tat with the MAP2K6 promoter affected MAP2K6 gene expression, we evaluated MAP2K6 mRNA levels in Tat SF2 -expressing cells and found that they were increased ( Figure 1E ). In addition, Tat SF2 expression significantly increased the activity of the MAP2K6 promoter when the activity of a luciferase gene regulated by this promoter was evaluated ( Figure 1F ). These experiments support the association of Tat with the MAP2K6 promoter as the key event leading to the activation of this kinase.
HIV infection and Tat expression also induce a subset of ISGs in MDM, and the profile of Tat-mediated gene modulation in iDC and MDM is similar. 9, 19, 20 The major gene expression pathways found to be affected in iDC and in MDM are listed in supplemental Table 4 .
As a system to use for further studies, THP-1 cells were differentiated into macrophages (THP-Mac) and used to evaluate cellular gene expression modulation induced by Tat. We found that genes upregulated in primary iDC and MDM were similarly modulated in THP-Mac infected with Ad-Tat SF2 . Tat expression increased mRNA levels of selected ISGs, including STAT1, IRF7, IP10, MCP2, MIG, and TRAIL ( Figure 1G ).
We carried out ChIP-Chip analysis to identify cellular promoters associated with Tat in THP-Mac infected with Ad-Tat SF2 / Ad-tTA and with Ad-Tat SF2 G48-R57A/Ad-tTA or Ad-tTA alone as negative controls. We identified 308 promoters that were occupied by Tat. IPA of the corresponding genes revealed that they are linked to 3 major pathways (Table 1) , and 1 is the p38 MAPK signaling pathway (P 5 .0178). Associations with other pathways are listed in supplemental Table 3 . Tat was found associated with the MAP2K6, MAP2K3, and IRF7 promoters, and the association was confirmed by ChIP-qPCR ( Figure 1H-I ). This association resulted in increased expression of the corresponding genes ( Figure 1G ). To evaluate whether the MAP2K6, MAP2K3, and IRF7 promoter sequences conferred Tat-dependent stimulation of transcription of the luciferase gene, approximately 1000 nucleotides of the promoter sequences located at the 59 end of the transcriptional start site were cloned at the 59 end of the luciferase gene and evaluated in the presence or absence of Tat SF2 . Tat SF2 expression increased MAP2K6, MAP2K3, and IRF7 promoter activities approximately 3-to 4-fold compared with that observed in control cells ( Figure 1J ).
We investigated whether Tat SF2 association with the promoters identified in KG-iDC and THP-MAC could be confirmed by ChIPqPCR analysis in primary iDC infected with Ad-Tat SF2 or AdTat SF2 G48R57A. Tat did associate with MAP2K6 and IRF-7 promoters in primary iDC expressing Tat SF2 (Figure 2A-B) or infected with HIV SF2 carrying a flagged tat gene (HIV SF2 -FLAG Tat; Figure 2D -E) but not in the controls. No association with MAP2K3 promoter was observed in these cells. As observed in KG-iDC, Tat SF2 expression in iDC increased MAP2K6-and IRF7-luciferase transcription by approximately 3-fold compared with that observed in controls ( Figure 2C ). Tat association with the IRF7, MAP2K3, and MAP2K6 promoters was detected in primary MDM infected with Ad-Tat SF2 ( Figure 2F -G) or infected with HIV SF2 -FLAG Tat ( Figure 2H-I) . These results indicate that Tat associates with IRF7 and MAP2K6 promoters in primary iDC and MDM and with the MAP2K3 promoter in MDM and that this association increases their transcriptional activity.
siRNA-mediated inhibition of MAP2K6, MAP2K3, and IRF7 reduces Tat-mediated modulation of ISG gene expression in APCs
We investigated the contribution of MAP2K6 to Tat-mediated modulation of gene expression using siRNA-mediated knockdown of the MAP2K6. KG-iDC were transfected with siRNA targeting MAP2K6, IRF7, or nonspecific siRNA and then infected with AdtTA or Ad-Tat SF2 /Ad-tTA. MAP2K6 and IRF7 mRNA levels were reduced approximately 60% and 80%, respectively, by the corresponding siRNAs but not by the control siRNA ( Figure 3A) . This inhibition resulted in reduced mRNA expression of IP10, TRAIL, MIG, and MCP2, which are upregulated after Tat SF2 expression ( Figure 3A) . These experiments support the role of both MAP2K6 and IRF7 in Tat-dependent modulation of ISGs in KG-iDC.
A similar experiment was carried out in U5A cells, a human cell line that lacks the type I IFN receptor chain 2 (IFNAR2c), 28 where type I IFN contribution to Tat modulation can be excluded. Tat SF2 expression resulted in increased mRNA levels of IP10, TRAIL, HuMIG, and MCP2 and was reduced by treatment with MAP2K6 and IRF7 siRNAs ( Figure 3B To investigate the role played by STAT1 and STAT2 in the activation of the MAP2K6-p38 pathway and in ISG modulation mediated by Tat, we used the human STAT1-deficient U3A cell line, the STAT-1-reconstituted U3A-R, and the STAT2-deficient U6A ( Figure 3C-E) . 16 These cells were transfected with siRNAs and infected with Ad-Tat SF2 . MAP2K6 siRNA in U3A cells and U3A-R cells reduced mRNA levels of MAP2K6 by approximately 60% and 80% of its original level, respectively. Tat expression in U3A cells did not induce ISGs that were upregulated in primary iDC and KG-iDC cells, and MAP2K6 siRNA had no effect on their levels ( Figure 3C ). In contrast, Tat SF2 expression increased the mRNA level of ISGs in STAT1-reconstituted U3A-R and in STAT2-deficient U6A cells, and inhibition of MAP2K6 expression resulted in decreased levels of the same genes ( Figure 3D-E) . Taken together, these results indicate that HIV-1 Tat modulation of ISGs occurs via increased transcription of MAP2K6 and IRF7 and modulation of p38 and STAT1 but not STAT2. The role played in modulation of ISG expression by other transcription factors such as NFkB, ATF, and CREB, whose activities are also affected by p38 kinase, was not explored.
To further confirm the role of MAP2K6, MAP2K3, and IRF7 in Tat-mediated gene modulation, we investigated the effects of targeting these genes with RNAi in primary iDC and MDM expressing Tat. The increased mRNA and protein levels of MAP2K6 and IRF7 in iDC ( Figure 4A-B) and of MAP2K3, MAP2K6, and IRF7 in MDM ( Figure 4C-E) , observed after Tat SF2 expression, were reduced by treatment with the corresponding siRNAs, as were the tested ISG mRNAs and TRAIL and HuMIG proteins. Inhibition of MAP2K3 and MAP2K6 resulted in p38 and STAT1 reduced phosphorylation, supporting their role in the activation (Figure 4B,D) and had limited impact on the expression of IRF7, which itself is an ISG, while a significant reduction of expression of a few tested ISGs was observed in these conditions (Figure 4A-D) . This result was not surprising, as Tat can affect the transcription of IRF7 via association with its promoter. The inhibitory effect induced by the IRF7 siRNA on modulation of gene expression was similar to that of MAP2K3 or MAP2K6 siRNAs, indicating a similar contribution of 2 different pathways to ISG activation ( Figure 4A-D) . IRF7 siRNA treatment resulted in lower STAT1, TRAIL, HuMIG, IP10, and MCP2 mRNA levels and of the proteins we tested (TRAIL and HuMIG; Figure 4A -D). Similar results were observed when the same experiment was carried out in THP-Mac (supplemental Figure 1) . These RNAi experiments in cell lines and primary cells confirm a role for IRF7, MAP2K6, and MAP2K3 in Tat-mediated modulation of ISGs.
Pharmacological inhibition of Tat-mediated ISG modulation
To validate the role of the p38 pathway in the gene expression modulation induced by Tat and to explore the possibility of eventual therapeutic intervention to block Tat-modulating activity, primary iDC expressing Tat were treated with different pharmacological inhibitors of the p38 MAPK (SB203580), ERK, the extracellular signal-regulated kinases (PD98059), and JNK, the c-Jun NH2-terminal kinases (AS601245). 11, 22, 24, 29 Tat expression increased the levels of phosphorylated p38 and JNK via MAPK26 that can contribute to both p38 and JNK phosphorylation and possibly via the limited modulation of MAP2K4 that we observed at times in these experiments, but not of pERK ( Figure 5A ). When iDC expressing Tat were pretreated with SB203580, PD98059, or AS601245 and infected with Ad-Tat SF2 or a control, a significant reduction of the ISG RNA levels was observed with SB203580 and to a lesser degree with AS601245 and PD98059, suggesting that JNK and ERK could also be involved in this event ( Figure 5C ). As ERK levels were not affected by Tat expression, we concluded that the modest contribution of PD98059 to ISG RNA reduction may depend on nonspecific activity of this compound or on the inhibition of baseline levels of this kinase and that Tat-modulation is not dependent on ERK modulation. Treatment with SB203580 significantly reduced the levels of phosphorylated p38, STAT1 tyrosine 701, and of the IRF7 protein, a target of STAT1 activity increased by Tat ( Figure 5C ). A For Figure 5D ) and THP-Mac (data not shown) also resulted in the inhibition of Tat-mediated ISG induction.
To establish that modulation of MAP2K6 is by itself sufficient to induce ISG, MAP2K6 was overexpressed in primary iDC using vectors expressing wild type MAP2K6 or MAP2K6 (glu), a constitutively activated MAP2K6, 30 in the presence or absence of SB203580. An increase of selected ISG mRNA levels similar to that found after Tat expression was observed and was reduced by SB203580 ( Figure 5B ). When we evaluated selected ISG RNA expression and IP10, MIG, and MCP2 in culture supernatant, we also found that HIV Bal increases their amounts, as previously observed, 9 and treatment with SB203580 reduced HIV-mediated gene modulation (Figure 5E-F) . CD81, but not CD41, T-cell immune activation, was significantly higher after exposure to the conditioned medium from HIV BAL -infected MDM compared with that from the uninfected control. CD81 Tcell immune activation did not increase when cells were exposed to medium from infected MDM also treated with the p38 inhibitor ( Figure 5G ). These results indicate that increased expression of MAP2K6, stimulated by Tat, can by itself activate ISGs via the p38 pathway and contribute to T-cell immune activation.
Taken together, these experiments provide the experimental evidence for how Tat triggers a signaling pathway that activates ISGs in APCs infected by HIV (Figure 6 ). In addition, they support the pharmacological inhibition of Tat or p38 MAPK to reduce ISG activation and the immunological effects it mediates. 
Discussion
We explored the effects of HIV-1 infection and Tat expression in APCs such as myeloid iDC and MDM, which are targets of HIV infection. We found that Tat association with the MAP2K6, MAP2K3, and IRF7 promoters leads to activation of the p38-STAT1 pathway and the subsequent transcriptional activation of a subset of ISGs. Inhibition of IRF7 and the 2 MAPKKs reduced Tat-induced expression of ISGs in iDC and MDM via a type I IFNindependent pathway. Tat was found to be associated with approximately 300 cellular promoters in KG-iDC and THP-Mac. An IPA of both the gene expression analysis during Tat expression and of genome-wide Tat promoter association point to the modulation of ISGs as the most significant cluster of genes affected in these cell types, and our investigation focused on this specific observation (supplemental Tables 3 and 4 ). In an earlier study of Jurkat cells and CD41 T cells, we found that Tat associated with the promoters of 2 phosphatases, PTEN and PP2A, and this association was key to the induction of apoptosis in these cells. 8 We did not observe Tat association with these promoters in APCs. Accordingly, lack of Tat association with PTEN and PP2A promoters correlated with lack of significant modulation of FOXO3a target genes. It is unclear what determines the specificity of Tat association with different promoters in different cell types. An understanding of this issue is beyond the scope of this study, but it seems likely that Tat association with a specific promoter occurs in the context of defined transcription complexes that target different genes in different cells and not via direct DNA interaction. Different epigenetic status of chromatin in different cells may affect promoter accessibility by the same transcription complex. Future experiments aim at identifying the composition of different transcription complexes that include Tat in different cell types. The experiments that report of increased luciferase activity, when luciferase expression was driven by MAP2K6, MAP2K3, or IRF7 promoter sequences and Tat was expressed, suggest that Tat may not affect transcription of those genes via a TAR-like element. It is more likely that Tat increases RNAPII processivity by increasing the active pool of P-TEFb. 31 Transcriptional regulation of ISGs relies on IFN-dependent and IFN-independent pathways. The IFN-dependent pathway involves activation of the IFN receptors by exogenous IFNs and triggering of JAK-STAT signal transduction. 32 We did not detect secreted IFNs in the course of HIV infection or Tat expression in the cells investigated. We also found that Tat induced ISG expression in cells where the type I IFN response cannot occur because of deletion of the receptor gene or the type I IFN locus. These results exclude the fact that type I IFN in amounts below 8, 9 assay detection mediate the transcriptional activation of ISGs in an autocrine way and further support the role of Tat in modulating ISGs in an IFN-independent fashion. IFN-independent expression of some ISGs such as IP10 and TRAIL after TLR7 triggering is stimulated by STAT1, phosphorylated via the p38 MAPK pathway. 33, 34 This mechanism is consistent with our results. Induction of an IFN-like response can establish an antiviral state that may be key to the lower levels of virus production observed in these cells compared with T cells. 35, 36 Importantly, activation of cytokines that impact T-cell activation can also contribute to the chronic immunoactivation observed in HIV-infected patients.
Viral infection triggers a subset of ISGs as a consequence of activation of pattern recognition receptors, in particular, TLRs. 37, 38 TLR signaling can induce a subset of ISGs via activation of IRF3 and IRF7. 39 In this study Tat-specific activation of IRF3 was not detected. IRF7 was the only Tat target among the different factors of the IRF family, as we detected association of Tat with the IRF7 but not with other IRFs by ChIP-Chip analysis. 34, 39, 40 IRF7 transcription can be regulated by binding the virus-activated factor (VAF) to the IRF7 interferon-stimulated response element and IRF-binding element. 41 The coactivators, CREB-binding protein and p300, together with IRF7 form the VAF complex and induce IRF7 transcription independently of IFN-triggered signaling. Tat may increase transcription of IRF7 by facilitating the recruitment of VAF, which is known to interact with CREB-binding protein and p300, to the IRF7 promoter. We found that modulation of IRF7 transcription was noticeably reduced when a Tat mutant that does not bind p300 or P-TEFb was expressed in iDC (data not shown).
p38 MAPK plays crucial roles in various pathological processes associated with HIV infection, including macrophage activation, neurotoxicity and impairment of neurogenesis, and lymphocyte apoptosis. p38 MAPK inhibition suppresses viral replication and cytopathic effects in T lymphocytes and MDM, possibly by preventing the activation of the HIV-1 Long Terminal Repeat, impairing reverse transcription and compromising proviral integration. 42 An increased in active p38 MAPK has been reported in brains of simian immunodeficiency virus-infected macaques with encephalitis. 43 Interestingly, p38 MAPK has also been implicated in the production and release of IP10 in astrocytes exposed to HIV-1 and Tat. [44] [45] [46] In addition, HIV-1 and Tat were reported to activate p38 MAPK in infected or stimulated neurotoxic monocytes and MDM. 47 Furthermore, p38 MAPK activation in iDC appears to be critical to the role played by these cells in the differentiation of Th17 helper T cells, which are preferentially targeted by HIV and ultimately are severely depleted, especially in the intestine. 48 The relevance of an induced IFN-like phenotype in monocytes during HIV infection has also been suggested by others. 49, 50 Collectively, these in vivo and in vitro data indicate that p38 MAPK is an important mediator of HIV-associated pathology. Understanding the molecular events that link HIV to p38 MAPK activation may suggest Tat as a target for pharmacological treatment. Our results link the activation of p38 to Tat interaction with MAP2K6, MAP2K3, and IRF7 promoters, establishing how HIV mediates the modulation of the p38 MAPK pathway. Our results also provide a rationale for the development of Tat inhibitors, as they are likely to have fewer side effects than p38 MAPK inhibitors, which are already available, or MAP2K6 and MAP2K3 inhibitors.
In summary, Tat modulation of APCs appears to have 2 major consequences. First, Tat acts as an inflammatory cytokine, modulating chemokines and cytokines linked to increased immunoactivation. Second, Tat acts as an antiviral factor via the modulation proteins that reduce retroviral gene expression, facilitating immune evasion from the adaptive response but supporting sufficient virus production to spread to T cells where virus replication is abundant. This dual arrangement may be important to favor both the persistence and high-level replication of this pathogen in its infected host. 
